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DETAILED ACTION 

Election/Restrictions 

1 . Applicant's election without traverse of Group I, claims 1 -22, in the reply filed on 
July 21 , 2005 is acknowledged. 

Priority 

2. Applicant is advised of possible benefits under 35 U.S.C. 1 1 9(a)-(d), wherein an 
application for patent filed in the United States may be entitled to the benefit of the filing 
date of a prior application filed in a foreign country. 

Drawings 

3. Figures 1 A-1 E should be designated by a legend such as -Prior Art- because 
only that which is old is illustrated. See MPEP § 608.02(g). Corrected drawings in 
compliance with 37 CFR 1.121(d) are required in reply to the Office action to avoid 
abandonment of the application. The replacement sheet(s) should be labeled 
"Replacement Sheet" in the page header (as per 37 CFR 1 .84(c)) so as not to obstruct 
any portion of the drawing figures. If the changes are not accepted by the examiner, the 
applicant will be notified and informed of any required corrective action in the next Office 
action. The objection to the drawings will not be held in abeyance. 
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Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
states. 

5. Claims 1 and 20 are rejected under 35 U.S.C. 102(b) as being anticipated by Lee 
et al. (U.S. Patent No. 6,850.683). 

6. As to claim 1 , Lee discloses a method, comprising: etching a waveguide (108) 
(column 2, lines 58-62; Figure 2) isotropically to smooth a surface (110) (column 2, lines 
61-62) of the waveguide (column 4, lines 4-19; Figure 4). 

7. As to claim 20, Lee discloses a method, comprising: maximizing retention of an 
intensity of a light signal within a waveguide (column 3, lines 45-48) by etching a 
waveguide isotropically to smooth a surface of the waveguide (column 4, lines 4-19). 

Claim Rejections - 35 USC § 103 

8. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

9. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
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were made absent any evidence to the cxDntrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 1 03(a). 

10. Claims 4-5 are rejected under 35 U.S.C. 103(a) as being unpatentable over Lee, 
in view of Wolf et al., Silicon Processing for the VLSI Era, Vol. 1 , Lattice Press (1986). 

11. As to claim 4, Lee discloses etching the waveguide before etching the waveguide 
isotropically (column 2, lines 58-61 ; Figure 2). Lee does not expressly disclose that the 
first etching step is anisotropic. However, Wolf teaches that anisotropic etching results 
is greater dimensional control of etched features (page 551). Therefore, it would have 
been obvious to one of ordinary skill in the art at the time the invention was made to use 
an anisotropic etching step. One who is skilled in the art would be motivated to achieve 
greater dimensional control over etched features. 

12. As to claim 5, Lee does not expressly disclose that etching the waveguide 
comprises submerging the waveguide in a wet etch solution. However, Wolf teaches 
that wet etching is typically performed by dissolution of the material to be etching in a 
liquid solvent (or submerging the sample in a wet etch solution) (pages 529-530). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to submerge the waveguide in a wet etch solution. One who is 
skilled in the art would be motivated to wet etch according to conventional methods that 
are well known. 
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Claim Rejections - 35 USC § 103 

13. Claims 3 and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Lee, in view of Ishida et al. (U.S. Patent No. 4,695,122). 

1 4. As to claims 3 and 22, Lee discloses that the waveguide comprises silicon 
(column 2, lines 54-55). Lee does not expressly disclose that the waveguide comprises 
amorphous silicon. Ishida teaches forming the waveguide of amorphous silicon and by 
changing sputtering conditions and sputtering gases, the refractive index of the silicon 
can be readily adjusted (column 2, lines 29-40). Therefore, it would have been obvious 
to one of ordinary skill in the art at the time the Invention was made to form a waveguide 
comprising of amorphous silicon. One who is skilled in the art would be motivated to 
use a material in which the refractive index of the silicon can be readily adjusted. 

Claim Rejections • 35 USC § 103 

15. Claims 6, 9, and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Lee, in view of Hembree et al. (U.S. Patent No. 6,224,713). 

1 6. As to claim 6, Lee does not expressly disclose applying sonic energy to the wet 
etch solution while etching the waveguide isotropically. Hembree teaches that applying 
sonic waves during wet etching enhances uniformity of concentration and dislodges 
bubbles from the etched surface, resulting in an improved etch uniformity (column 2, 
lines 47-59). Moreover, the presence of bubbles shields the surface from the etchant, 
slowing the etching rate and resulting in a rough surface (column 2, lines 29-39). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to apply sonic energy to the wet etch solution while etching the 
waveguide isotropically. One who is skilled in the art would be motivated to obtain a 
uniformly etched surface. 

17. As to claim 9, Hembree discloses that the sonic energy is ultrasonic (column 2, 
lines 47-59). 

18. As to claim 10, Hembree discloses that the ultrasonic energy is in the 
approximate range of 1 kH2-50 kHz (column 4, lines 64-67; column 5, lines 1-3). 



Claim Rejections - 35 USC § 103 

19. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lee, in 
view of Hembree, in further view of Li (U.S. Patent No. 5,976,767). 

20. As to claim 7, Lee does not expressly disclose that the sonic energy is 
megasonic. However, Li teaches that the application of megasonics during wet etching 
combines chemical and physical forces, inaeasing the material removal rate of the etch 
(column 6, lines 12-18). Therefore, it would have been obvious to one of ordinary skill 
in the art at the time the invention was made to use sonic energy that is megasonic. 
One who is skilled in the art would be motivated to increase the material removal rate of 
the etch. 
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Claim Rejections - 35 USC § 103 

21 . Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lee, in 
view of Hembree. in further view of Li, in further view of Wolf. 

22. As to claim 8, Lee does not expressly disclose megasonic energy in the range of 
800 kHz - 1200 kHz. However, Wolf teaches that conventional megasonics use higher 
frequency of 850 kHz (page 519, Figure 3). Therefore, it would have been obvious to 
one of ordinary skill in the art at the time the invention was made to use megasonic 
energy in the range of 800 kHz - 1200 kHz. One who is skilled in the art would be 
motivated to use a conventional frequency, known to remove particulates. 

Claim Rejections - 35 USC § 103 

23. Claims 1 1 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Lee, in view of Hembree, in further view of Wolf. 

24. As to claim 1 1 , Lee does not expressly disclose the wet etch solution comprises 
an acid compatible with temperatures above approximately 70''C and etches 
stoichiometric silicon nitride and is selective to dielectric materials. Wolf further teaches 
that wet etching, a generally isotropic process, is widely used for producing 
semiconductor devices because it is low cost, reliable, and a high throughput process 
with excellent selectivity with respect to both masks and substrate materials (page 529). 
Wolf teaches that silicon nitride is etched in 85% phosphoric acid at 180''C, with silicon 
oxide as an etch mask (page 534). In other words, silicon nitride is conventionally 
etched with phosphoric acid with temperatures above approximately 70''C and is 
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selective to silicon oxide. Therefore, it would have been obvious to one of ordinary skill 
in the art at the time the invention was made to use a wet isotropic etch, because Wolf 
teaches that wet etching is widely used for producing semiconductor devices due to its 
low cost, reliable, and a high throughput process with excellent selectivity with respect 
to both masks and substrate materials. Moreover, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to use a wet etch solution 
comprising an acid compatible with temperatures above approximately 7p''C and etches 
stoichiometric silicon nitride and is selective to dielectric materials. One who is skilled in 
the art would be motivated to use a conventional wet etching solution, such as 
phosphoric acid, known to accomplish the task of etching silicon nitride. 

25. As to claim 12, Wolf discloses that the wet etch solution comprises approximately 
84% by volume phosphoric acid in water (page 534). 

Claim Rejections - 35 USC § 103 

26. Claim 2 is rejected under 35 U.S.C. 103(a) as being unpatentable over Patel et 
al. (U.S. Patent Appl. Pub. No. 2004/0240822), in view of Newn et al. (U.S. Patent No. 
3,999,835). 

27. As to claim 2, Patel discloses a method, comprising: etching a waveguide (54) to 
smooth a surface (66/68) of the waveguide (paragraph 0039; Figures 12-15). 

28. Patel does not expressly disclose that the etch is isotropic; and that the 
waveguide comprises stoichiometric silicon nitride. However, Patel teaches that 
smoothing of the sidewalls (66/68) and surfaces of the waveguide (54) can be achieved 
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by plasma etching (paragraph 0039). Moreover, the smoothing of waveguide (54) 
results in a reduction in optical scattering losses (paragraph 0039). Wolf teaches that 
plasma etching is isotropic (page 541 ). Newn teaches that stoichiometric silicon nitride 
is a material suitable for forming an optical waveguide (column 2, lines 1 1-23). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to etch isotropically, because Patel teaches that smoothing of the 
waveguide with a plasma (or isotropic etch) results in a reduction in optical scattering 
losses. Moreover, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to form the waveguide with stoichiometric silicon nitride, 
because Newn teaches that silicon nitride is conventional material suitable for forming 
an optical waveguide. 

Claim Rejections - 35 USC § 103 

29. Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Patel, in 
view of Wolf, in further view of Li, in further view of llardi (U.S. Patent No. 5,466,389). 

30. As to claim 13, Patel discloses a method, comprising: etching a waveguide (54) 
to smooth a surface (66/68) of the waveguide (paragraph 0039; Figures 12-15). 

31 . Patel does not expressly disclose that the etching is isotropic; and that etching 
the waveguide comprises submerging the waveguide in a wet etch solution. However, 
Patel teaches that smoothing of the sidewalls (66/68) and surfaces of the waveguide 
(54) can be achieved by plasma etching (paragraph 0039). Moreover, the smoothing of 
waveguide (54) results in a reduction in optical scattering losses (paragraph 0039). 
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Wolf teaches that plasma etching is isotropic (page 541 ). Wolf further teaches that wet 
etching, a generally isotropic process, is widely used for producing semiconductor 
devices because it is low cost, reliable, and a high throughput process with excellent 
selectivity with respect to both masks and substrate materials (page 529). Wolf also 
teaches wet etching by submerging the sample in a wet etch solution (pages 529-530). 
Li teaches a method of etching silicon using an ammonia hydroxide wet etch solution 
(column 2, lines 25-34) which is selective to dielectric materials and organic 
photoresists (column 3, lines 50-54). Ilardi teaches the use of an ammonia hydroxide 
solution having a pH of 8 to 10 with a non-metallic base (column 2, lines 29-34) directed 
at cleaning silicon wafers (column 1, lines 15-17). Moreover, Ilardi teaches, the alkaline 
composition reduces wafer surface roughness (column 2, lines 34-37). It should also be 
noted that there is overlap between Applicants' and llardi's pH ranges. Therefore, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to use a wet isotropic etch and to submerge the waveguide in a wet etch solution, 
because Wolf teaches that wet etching is widely used for producing semiconductor 
devices due to it is low cost, reliable, and a high throughput process with excellent 
selectivity with respect to both masks and substrate materials. Moreover, it would have 
been obvious to one of ordinary skill in the art at the time the invention was made to an 
ammonia hydroxide wet etch solution, because Li teaches that an ammonia hydroxide 
solution is beneficial due to its selective to dielectric materials and organic photoresist. 
Lastly, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the wet etch solution having a pH in the approximate range 
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of 10-13. One who is skilled in the art would be motivated to select a range similar to 
ilardi, because llardi teaches that alkaline solutions reduce surface roughness. 

32. As to claim 14, llardi discloses that the base is a non-metallic base (column 2, 
lines 29-37). 

33. As to claim 15, Li discloses performing the isotropic etch at a temperature in the 
approximate range of 24*'C-70''C (column 4, lines 57-59). 

Claim Rejections - 35 USC § 103 

34. Claims 16 and 21 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Lee. 

35. As to claim 16, Lee does not expressly disclose etching the waveguide for a time 
sufficient to smooth the surface of the waveguide to maximize retention of a light signal 
within the waveguide. However, Lee teaches etching the waveguide to smooth the 
surface of the waveguide (column 4, lines 4-19). Furthermore, Lee teaches that 
reducing the optical losses through smoothing the surface of the waveguide (column 4, 
lines 4-10). Therefore, it would have been obvious to one of ordinary skill in the art at 
the time the invention was made to etch the waveguide for a time sufficient to smooth 
the surface of the waveguide to maximize retention of a light signal within the 
waveguide. One who is skilled in the art would be motivated to reduce the optical 
losses through smoothing the surface of the waveguide. 

36. As to claim 21 , Lee does not expressly disclose that the light intensity loss of a 
substantially smoothed waveguide is approximately 6 dB/cm. Lee discloses a light 
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intensity loss of a substantially smoothed waveguide of approximately 0.8 dB/cm 
(column 3, lines 45-48). Moreover, Lee teaches reducing the optical losses through 
smoothing the surface of the waveguide (column 4, lines 4-1 0). In other words, surface 
smoothness of the waveguide is correlated to with optical losses. If an optical loss of 6 
dB/cm is desired, one who is skilled in the art would reduce the number of smoothing 
steps. Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to smooth the waveguide with a light intensity loss of 
approximately 6 dB/cm. One who is skilled in the art would be motivated to reduce the 
number of process step for fabricating the optical device. 



Claim Rejections - 35 USC § 103 

37. Claims 1 7-1 8 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Patel, in view of Wolf, in further view of Li. 

38. As to claim 17, Patel discloses a method comprising: forming an amorphous 
silicon layer (50) on a first dielectric layer (3) (paragraphs 0038, 0032); etching the 
amorphous silicon layer (50) with a dry plasma etch to form at least one waveguide (54) 
(paragraphs 0038); and forming a second dielectric layer above the at least one 
waveguide (paragraph 0005). 

39. Patel does not expressly disclose an anisotropic dry plasma etch; and 
submerging the at least one waveguide in an ammonia hydroxide isotropic wet etch 
solution to which sonic energy is being applied at approximately room temperature for a 
time sufficient to smooth the a surface of the waveguide. Wolf teaches that anisotropic 
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etching results is greater dimensional cx)ntrol of etched features (page 551). Patel 
teaches that smoothing of the sidewalls (66/68) and surfaces of the waveguide (54) can 
be achieved by plasma etching (paragraph 0039). Moreover, the smoothing of 
waveguide (54) results in a reduction in optical scattering losses (paragraph 0039). 
Wolf teaches that plasma etching is isotropic (page 541). Wolf further teaches that wet 
etching, a generally isotropic process, is widely used for producing semiconductor 
devices because it is low cost, reliable, and a high throughput process with excellent 
selectivity with respect to both masks and substrate materials (page 529). Li teaches a 
method of etching silicon using an ammonia hydroxide wet etch solution to which sonic 
energy is being applied at approximately room temperature (column 2, lines 25-34). Li 
further teaches that sonic energy removes silicon at a faster rate (column 2, lines 33-35) 
and that such an ammonia hydroxide solution is beneficial because it is selective to 
organic photoresist (column 2, lines 6-10), unlike many other commercial silicon 
etchants (column 1, lines 53-65). Therefore, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to use an anisotropic dry 
plasma etch. One who is skilled in the art would be motivated to achieve greater 
dimensional control over etched features. Furthermore, it would have been obvious to 
one of ordinary skill in the art at the time the invention was made to use a wet isotropic 
etch, because Wolf teaches that wet etching is widely used for producing semiconductor 
devices due to its low cost, reliable, and a high throughput process with excellent 
selectivity with respect to both masks and substrate materials. Moreover, it would have 
been obvious to one of ordinary skill in the art at the time the invention was made to use 
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an ammonia hydroxide isotropic wet etch solution to which sonic energy is being 
applied, because Li teaches that an ammonia hydroxide solution is beneficial due to its 
selectivity to organic photoresist and that sonic energy removes silicon at a faster rate. 
Lastly, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to etch for a time sufficient to smooth the surface of the waveguide, 
because Patel teaches that smoothing of waveguide results in a reduction in optical 
scattering losses. 

40. As to claim 1 8, Li discloses that the isotropic etch for amorphous silicon is a wet 
etch solution comprising ammonium hydroxide in the approximate range of 2%-10% by 
volume in water (column 2, lines 25-34). 

Claim Rejections - 35 USC § 103 

41. Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Patel, in 
view of Wolf, in further view of Li, in further view of Liu et al. (U.S. Patent No. 
4,817,652). 

42. As to claim 19, Patel does not expressly disclose that the sonic energy impacts 
the waveguide with a power in the approximate range of 0.5 W/cm^-1 0.0 W/cm^. Li 
teaches that sonic energy removes silicon at a faster rate (column 2, lines 33-35) 
because sound waves travel through the etch solution and facilitate the removal of 
particles (column 6, lines 12-18). Moreover, Liu teaches that for the removal of 
microscopic particulate matter from a semiconductor wafer (column 1, lines 16-21), a 
sonic power density of 5 to 10 W/cm^ is conventional (column 1 , lines 50-55). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use a power in the approximate range of 0.5 W/cm^-10.0 W/cm^. 
One who is skilled in the art would be motivated to use a power density known to 
accomplish the task of removing particulate matter from an etched surface. 

Conclusion 

43. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Foresi (U.S. Patent No. 5,841,931) discloses a method of 
forming a polysilicon waveguide. Naydenkov et al. (U.S. Patent No. 6,890,450) 
discloses a method of forming a silicon surface for an optical system. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Eric B. Chen whose telephone number is (571 ) 272- 
2947. The examiner can normally be reached on Monday through Friday, SAM to 
4:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine G. Norton can be reached on (571) 272-1465. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 
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information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information at>out the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 
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